Personnel from the U.S. Army Research Laboratory, Survivability/Lethality Analysis Directorate (SLAD) made acoustic measurements of a rotorcraft hovering at various ranges and altitudes. SLAD computed the narrow-band spectrum at each hover location and found the sound pressure level (SPL) of each peak. The relative attenuation of each peak as a function of range could then be computed. SLAD also ran the Windows Scanning Fast Field Program (WSCAFFIP) model for the conditions at the time of the measurements. This technical note presents comparisons between measured sound attenuation from a hovering rotorcraft and theoretical attenuation from the WSCAFFIP model. 
Introduction
The U.S. Army Research Laboratory (ARL), Survivability/Lethality Analysis Directorate (SLAD) conducted acoustic measurements of rotorcraft hovering at various distances from microphones. The attenuation of these measured sound pressure levels (SPL) were compared to theoretical attenuations generated by the acoustic propagation modeling Windows Scanning Fast Field Program (WSCAFFIP). The purpose of this report is to present the comparison between measured sound attenuation and theoretical attenuation of a hovering rotorcraft using recorded acoustic and meteorological data.
Methodology
SLAD set up a microphone at a surveyed point on the ground, and surveyors surveyed and marked several points at various distances. The rotorcraft hovered over the marked points at two different altitudes while the microphone's output was recorded. Meteorological data were also recorded.
SLAD found the SPL of each peak in the rotorcraft's narrow-band spectrum. These SPL's were tabulated according to their slant range and altitude. SLAD ran WSCAFFIP using the recorded meteorological data and applying a 1976 U.S. Standard Atmosphere 1 . The measured attenuations were then compared with those from the WSCAFFIP output. The comparisons are shown in a series of plots.
-
Results
The plots given in section 3 of this report show the comparison between the WSCAFFIP theoretical losses and the measured losses. Each plot shows the relative SPL of one harmonic of the rotorcraft at one altitude along with the WSCAFFIP attenuation as the slant range increases.
Generally, the measured attenuation levels follow the WSCAFFIP model, and they are reasonably close for most points in the first six harmonics. There are some notable differences between the measured data and the model, however:
• The measured attenuations of the higher harmonics at the low altitude fall off much more rapidly than the model.
• The second range point for the low altitude data appears to dip unnaturally for the third, fourth, fifth, and sixth harmonics.
• The third range point for the high altitude data appears unnaturally high for some harmonics, in particular the first, third, eighth, ninth, 10 th , 11 th , 12 l , and 13* .
1. Introduction
Background
The U.S. Army Research Laboratory (ARL), Survivability/Lethality Analysis Directorate (SLAD), has conducted numerous acoustic measurements of rotorcraft. In one of these measurements, a rotorcraft hovered over known points at various distances from the microphones. This presented an excellent opportunity to measure the attenuation of sound from a stationary source under real-world conditions.
SLAD has also run acoustic data through models that attempt to calculate a rotorcraft's detectability. For one of these models, an acoustic propagation program is run first, and the measured sound's attenuation is calculated from the program's output. The program is called the Windows Scanning Fast Field Program (WSCAFFIP), and it produces a table of sound attenuation values as a function of range and frequency. It is only natural, then, to compare the actual sound attenuation measured from a hovering rotorcraft to the theoretical attenuation calculated by WSCAFFIP.
Purpose
The purpose of this report is to present the comparison between measured sound attenuation and theoretical attenuation of a hovering rotorcraft using recorded acoustic and meteorological data. This comparison will be done at each of the harmonics in the rotorcraft's acoustic spectrum.
Methodology

Measurements
SLAD personnel setup a microphone near the ground and marked points on the ground at various distances from the microphone. The pilot of the rotorcraft could see these markings from the air. The pilot hovered over each point for about a minute, while the signal from the microphone was recorded, and at two altitudes called "low altitude" and "high altitude." All points were surveyed so that the distance between the rotorcraft and microphone was known for each hover point. Figure 1 shows the basic setup. A meteorological station was setup nearby, about 2 or 3 m above the ground, and recorded air temperature, humidity, barometric pressure, wind speed, and wind direction. Generally, wind speeds were low for these measurements.
Analysis
SLAD averaged about eight narrow-band spectra from each hover point, and found the sound pressure level (SPL) of each peak from each averaged spectrum. Each peak was a harmonic of the sound produced by the rotorcraft's rotors. These SPL's were tabulated by harmonic, rotorcraft altitude, and hover point. Figure 2 shows a typical spectrum of the rotorcraft, albeit one that is not averaged. SLAD ran WSCAFFEP for the conditions present at the time of the measurements. WSCAFFIP's basic inputs are a meteorological profile, relative geometry of the source and receiver, and ground characteristics. The meteorological profile includes the temperature, relative humidity, air pressure, wind velocity, and wind direction at different heights above the ground. Since these were measured at only one height, SLAD used a U.S. Standard Atmosphere 1 to generate a meteorological profile. The survey and hover altitudes gave the relative geometry ofsource.and receiver The ground was covered with thick grass. SLAD interpolated the WSCAFFIP propagation table by frequency and slant range to obtain each harmonic's theoretical loss at each hover point. These losses were compared to the measured losses.
Results
Figures 3 through 28 show the comparison between the WSCAFFIP theoretical losses and the measured losses. Each figure shows the relative SPL of one harmonic at one altitude as the slant range increases The SPL at the hover point closest to the microphone was set to the value from the WSCAFFIP propagation table, and then this value was further adjusted to an arbitrary vahie. All ranges were normalized, and the normalization value was different between the high and low altitudes Generally, the measured attenuation levels follow the WSCAFFIP model, and they are reasonably close for most points in the first six harmonics. There are some notable differences between the measured data and the model; however . The measured attenuations of the higher harmonics at the low altitude fall off much more rapidly than the model. • The second range point for the low altitude data appears to dip unnaturally for the third, fourth, fifth, and sixth harmonics.
• The third range point for the high altitude data appears unnaturally high for some harmonics, in particular the first, third, eighth, ninth, 10th, 1 !th u ± and 13th.
These differences may be due to measurement error or some environmental condition that was not accounted for, such as a wind gust. Since there were more discrepancies in the low-altitude data the ground effects may have been greater than modeled by WSCAFFIP. Nevertheless, differences should be expected between measured data and a model-these data support the model reasonably well.
i US Standard Atmosphere, 1976, National Geophysical Center, National Oceanic and Atmospheric Administration, 325 Broadway, Boulder, CO 80303; website: nssdc.gsfc.NASA. gov/space/modeV atmos/us_standard.html Normalized Range Figure 26 . Comparison between WSCAFFIP model and measured data for twelfth harmonic at low altitude. 
Conclusions
The measured SPL data from a hovering rotorcraft generally supported the theoretical attenuation levels from the WSCAFFEP model. There were some discrepancies, but these could be due to an incomplete knowledge of meteorological conditions between the sound source and receiver at all hover points. Also, the ground may have attenuated the sound to a greater extent than the model indicated, especially at the higher frequencies.
Recommendations
In any future investigations of this sort, SLAD recommends that meteorological data be taken at several altitudes and points between the receiver and sound source. This is probably the most important part of the WSCAFFIP model, and the one that will best facilitate the modeling of sound propagation through the atmosphere.
